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Calibrating tests and measurements were made with a new phase fluorometer developed on 
base of earlier similar instruments, enabling to measure nsec fluorescence decay times (from 0,1—30 
nsec) with an absolute error of about ± 0 , 0 7 nsec. The influence of secondary luminescence on decay 
time has been studied experimentally and some examples of the importance of this effect are presen-
ted. By a relatively simple method of determining the true decay time % — applicable under workable 
experimental conditions — the tedious method of correction for secondary luminescence based on 
further luminescence characteristics can be avoided. 
1. Among the quantities characterising the photoluminescence in solutions 
the decay time i of fluorescence, i.e. the mean lifetime of the excited state, plays 
an important role in dealing with the mechanism and kinetics of luminescence. 
The lifetime is closely connected with other luminescence characteristics, as with 
the quantum yield, the degree of polarisation, with the absorption and emission 
spectra, respectively the area below the absorption spectrum. 
The great deviations among decay times measured by different investigators 
with the same dyestuff are mainly due to secondary luminescence, in consequence 
of the various methods of excitation and observation as well as to the differences 
in concentration and layer thickness employed. This fact was pointed out earlier 
by some authors, but BUDO and SZALAY [1] were the first to make exact investigations 
about the influence of secondary luminescence, demonstrating that the decay time 
is substantially altered by secondary luminescence due to reabsorption of the primary 
fluorescence light. 
* Since the factors mentioned above are mostly lacking or inadequately referred 
to in the considerable quantity of data about T available in literature, furthermore, 
the conditions of excitation and observation necessary for a relatively simple cal-
culation of the true decay time had not been accomplished, it seemed useful to 
build an apparatus meeting these requirements. 
2. The phase fluorometer constructed by the authors is based essentially upon 
the same principle as the apparatus described by BAUER and ROZWADOWSKI [2], 
but several modifications have been made in its construction. 
Spectrum lines of a high-pressure mercury lamp (HBO 500) isolated by inter-
ference filters were used as light source. The unit modulating the exciting light 
consisted of a piezoelectric quartz crystal fed by a generator of ultrasonic frequency 
and of a superposed fused quartz cube placed between crossed polaroid filters. 
This quartz cube becomes double refracting because of the standing waves induced 
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in it. The frequency of modulation was 10,24 Mc. In order to increase the signal-
to-noise ratio a mechanical modulator (chopper) was used. The phase difference 
between exciting and luminescence light was measured by changing the optical path 
length. 
Photomultipliers EMI 9558 A were used in the apparatus. The "mirror curves" 
were recorded automatically with a recorder of type EPP 09. Excitation and observa-
tion were performed on the same face of the cuvette containing the solution, which 
rendered possible to fulfil the conditions necessary for the correction of secondary 
luminescence described in [1]. This was achieved by mirrors and lenses built into 
a tempered sample holder. The exciting light beam forming an angle of about 20° 
with the direction of observation perpendicular to the front face of the cuvette, 
and focussed on the front face of the solution in the cuvette, gave a nearly point-
like light spot, while the image of a larger circular area of radius R = 0,8 cm was 
formed on the cathode of the photomultiplier indicating the fluorescence light. 
In this way it was possible to measure the decay time of solutions of very small 
layer thickness 10~3 cm), while e.g. in the apparatus described in [2] a cuvette 
of about 1 cm was used with transversal observation. 
The decay time for phase fluorometers is calculated according to the well known 
equation 
tgcp = coT, ( 2 , 1 ) 
where <p is the phase difference between fluorescence and exciting light, and co is 
the angular frequency of modulation. If the approximation tg (p^cp can be used, 
then 
where c is the velocity of light, AL is the difference in optical path length, proportional 
to the phase difference (p. In our investigations the decay time T was calculated 
according to the exact relation (2,1) instead of (2,2) used e.g. in [2], because, 
in case of decay times of rs 5—6 nsec, which are characteristic for dyestuff solutions, 
a difference of about 4—5% was found between the results calculated with both 
methods. This would mean a systematic error of the same magnitude as the random 
error of measurement. 
3. Determination of the true decay time. According to BUD6 and SZALAY [1] 
the relation between the true decay time r and the measured decay time t ' can 
approximatively be written as follows: 
T = ( 1 - X ) T \ (3 ,1 ) 
where x is the quotient of the intensities of primary and secondary fluorescence. 
The calculation of x is tedious and it requires the knowledge of the absorption 
and emission spectra as well as of the quantum yield [3]. Therefore a method for 
the calculation of the true decay time is suggested, based upon a procedure similar 
to that employed in [4] for the calculation of the true degree of polarisation, which 
does not require the knowledge of further luminescence characteristics beyond 
T' measured with three different layer thicknesses. 
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If the solution practically does not absorb light at the wavelength X' of observation (/!=0), the 
value of x for layer thickness I can be approximately written, according to BUD6 and KETSKEMETY [3], 
as follows: 
y. = y.(x,y;m) = f // (X") fQ.")MdX", (3,2) 
o 
.nd m defined by 
M = -- Ei(-- my) — E i y ) - f i(0, y ) ^ ^ ^ 
where M is a function of a, y and m defined by 
with , — a 
/ ( a , ? ) = — [ G ( - y ) - G ( - y - a ) ] , V(a ,y) = — [ G ( - ? ) - < ? ( - ? +a ) ] , 
a a 
G(x) = Ei(x)~loglxl, 
Ji. 
a = 2,30s (A) c / = k j , 0 = 2,30 s{X')cl=k^l, y^2,30e(X") cl=k^l, and m = 
Here X is the wavelength of the monochromatic exciting light, X' the wavelength of the observed 
part of the fluorescence spectrum, X" the variable of integration, namely the wavelength of the 
observed part of the primary fluorescence light; R is the radius of the circular area observed on the 
cathode of the photomultiplier in case of punctiform excitation. 
By expanding (3,2) according to increasing powers of y, the following expression can be obtained 
" = y [y [ l o g ' w + y ) ~ ̂  ~ y ) + ^ ' ( 3 '3 ) 
where the mean values y" are to be determined by the integration y" = J i(X")f(X") y"dX", \n = 1, 2, 3, 
o 
...). The dependence of x on the layer thickness / can be immediately obtained f rpm (3,3) by sub-
stituting m~ Rjl and y = lk^: 
( k s 3 — 1 — 1 — ^ 
I — log R +— k,. k\„R+— k\„ R2 + . . . - / log I 
V, 2 . 4 2 8 / 
x = lX~\ogR+~k,:'-^k\„R+~ %, 2+...\-llogl-~+ • (3,4) 
k%, P — 
+ k$„-
6 48 
For sufficiently small layer thicknesses the terms containing the square and higher powers of I (more 
exactly, the term averaged over y2 and higher powers of y) in (3,3) can be neglected, which gives: 
* ^ I f A ^ k y d - n o g l - m * » ) , (3,5) 
where 
+ + /,(**») = . 
Since, according to [1] 




1 - y . ; i - / / i + / l o g / . / 2 ' 
and 
' 1 A k 1 
= / — + /log / — = — + / F 1 + / l g / - F 2 s . (3,8) 
T T ' T' • T T 
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where 
f i ( = FAR, k ; r , T>) = , F 2 ( = F2(AV, r)) = 2,30 — . T T 
As (3,8) contains three variables (r, Flt F2), the true decay time T can be determined by resolving 
the following inhomogeneous linear simultaneous equations with three unknowns, for three decay 
times (TJ, T2, T3) measured with different layer thicknesses (/,, / . , /3). 
1 1 
— = — + № + /! l g /x -F , 
T, R 
1 1 > 
T2 T . 
1 1 
— = — + /5F1 + / , l g T, T 
(3,9) 
For the true decay time T we obtain according to Cramer's rule: 
k 
'h 
/ 2 / 3 i g ^ + / 3 / 1 i g ^ + / 1 / 2 i g - / 2 1 4 
T = 
4 4 4 I g f 
T1 '2 
. khlg'1 +-llLAg1' 
'a 
J_ 4 
( 3 , 1 0 ) 
4 
In consequence of the neglection of the mean values of y- and higher powers 
of y, this expression for the true life-time t is valid within an accuracy of some per 
cent strictly speaking only for ymax ( = 2,30-£max cl) < 1. However, as practical 
calculations show, this upper limit can generally be extended to ymax % 3 without 
increasing the error. With regard to the accuracy of calculation it is convenient 
to choose sufficiently different layer thicknesses between the limits mentioned 
a b o v e , e .g . 4 £ 3 4 , 4 = 3 4 -
The correction for secondary luminescence is, of course, to be carried out 
only for solutions with considerable overlapping absorption and emission spectra. 
4. The following calibrating tests of our fluorometer have been performed: 
Measurement of the degree of modulation. In order to obtain optimal adjustment of the unit 
modulating the exciting light, according to [5], the parallel light beam of a tungsten lamp, modula ted 
with high and audio frequency by t he 
- I0Q piezo-quartz unit and the mechanical mo-
dulator, fell on the cathode of a photo-
50 I -¿r-A—A- A' a ' A A-ft-ft—A multiplier type R C A 931 A. The induced 
high and audio frequency photocurrents 
. amplified by a cathode follower were indi-
V l cated by a high frequency oscilloscope 
1 ("/.) E M G type 1589-U-l. The degree of modu-
lation was determined by the quotient of 
high and audio frequency amplitudes. T h e 
latter is proport ional to the intensity of 
modulated light. 
In Fig. 1. the degree of modula t ion 
in per cent is plotted as a funct ion of the 
angle a formed by the plane of vibration 
of the second polaroid filter of the modu-
lating unit and the normal of the ultra-
sonic standing waves induced in the fused 
^ - A ^ w i ^ - A - ^ j w W A 
/ J* 
/ \ £ 
J s 
20° « r 60° 
Fig. 1. 
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quartz cube (curve m). Curve I shows the relative 
intensity of the modulated light, measured as above, 
as a function of the angle a . Both curves show broad 
maxima. This allows to adjust the second polaroid 
filter with an angle a as low as possible (21°), in order 
to minimize the losses in exciting light caused by 
the polaroid placed before the sample holder, ser-
ving to adjust the normal of the plane of vibration. 
The electron transit times of the photomultipliers, 
of the order of nsec, depend on the wavelength and 
intensity of the light impinging on the photo-cathode 
[6], [9]. Fig. 2 shows the wavelength dependence of 
the relative variation of the electron transit time of 
the photomultiplier receiving the luminescence and 
the scattered exciting light. Since the mean wave-
lengths of the exciting light and of the observed lu-
minescence light are different, the measured decay 
times are to be corrected by means of Fig. 2. 
The results of measurements made with a scat-
terer for various light intensities are shown in Fig. 
3, in which the relative variation of the electron 
transit time is plotted as a function of the mean value 
of the photocurrent, proportional to the light inten-
sity incident on the photomultiplier. Equal intensities 
of luminescence light and scattered exciting light in 
measuring r can be easily obtained with our fluoro-
meter by means of a light reducer (polaroid etc.); so 
there is no need for correction with the aid of Fig. 3. 
The decay time r ' observed directly — especially 
in case of low intensities of luminescence light — is 
considerably reduced by the exciting light scattered 
in the solution, on the wall of the cuvette and other . 
surfaces in the sample holder, and passed by the 
complementary filter. The correction for this scatte-
red light has been made with the method given in [6]. 
For this it is necessary to know the ratio of the 
photocurrents due to scattered exciting light and lu-
minescence light. However, since the ,„-» 
signal on the output of our instru-
ment is not proport ional to the 
photocurrent of the photomultiplier, it 
is important to know the dependence 
of the mean value I of the photocur-
rent on the output voltage U w . This is 
shown in Fig. 4 in logarithmic scale. 
5. According to the above, 
the intensity of secondary lumi-
nescence and therefore T' in a gi-
ven luminescent solution depend 
on both the layer thickness 7 and 
the concentration cM of the so-
lution. To illustrate this eifect, 
the decay times of some dyestuff 
sulutions measured with different 
layer thicknesses and corrected 
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Table 1/a 
















Tcalc. (in nsec) 
according to 




(in nsec) mean v. 
1. Fluorescein 1 . 1 0 - 6 H2O 











2. Fluorescein 1 . 1 0 - 4 
EtOH 85% 
H 2 0 15% 











3. Fluorescein 1 . 1 0 - 4 
Glycerol 96% 









4. Rhodamine B . 1 . 1 0 - 5 
E tOH 85% 












5. Rhodamine B 1 . 1 0 - 4 Glycerol 96% 0,10 5,17 — — • 2,94 
6. . Eosine 1 . 1 0 - 4 
E t O H 85% 
H 2 0 15% 











7. 3,6 — Diaminoacridine 5 . 1 0 - 5 












8. Trypaflavine 1 . 1 0 - 4 Glycerol 96% 0,25 4,39 - — 3,92 
9. Rhodulin orange 1 . 1 0 - 4 Glycerol 96% 0,50 3,59 — — 2,71 
10. Rose bengale 1 . 1 0 - 4 
EtOH 85% 
H 2 0 15% 












10,9 — — — 
12. 3-Dimethylamino-
-N-Methylphtalimide 
L.IO- 2 EtOH 96% 




7,11 — — — 
13. 3-Monomethyl-
aminophtalimide 
1 . 1 0 - 3 E tOH 96% 




5,52 — — — " 
14. Esculin . 1 . 1 0 - 4 E tOH + NaOH 0,05— 
0,50 
3,9 — — — 
15. Quinine sulphate 
1 . 1 0 - 5 
1 . 1 0 - 4 
1 . 1 0 - 4 
1 . 1 0 - 3 
1 . 1 0 - 3 
H 2 O + 











r — = 
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Table I /b 
10 11 12 | 13 14 





1 T obs. 
(in nsec) 
Authors, (year), [references] 
2 . 1 0 - 6 m o l e / l 
1 . 1 0 - 5 mole/1 
1 . 1 0 - 6 mole/1 
H 2 O 
H2O 







Schmillen (1953) [7] 
Bennett (1960) [8] 
Müller et al. (1965) [9] 
2 .10 - 4 g/cm3 
1 . 1 0 " 5 g / g 
H 2 0 + E tOH 
EtOH + N a O H 






Szymanowski • (1935) [10] 
Galanin (1950) [11] 
Bauer (1963) [12] 
1 . 1 5 . 1 0 ~ 4 g/cm3 
3 . 1 0 " 4 mole/1 








Szymanowski (1935) [10] 
Galanin (1960) [13] 
Hevesi et al. (1965) [14] 
1 . 1 0 - 3 g / c m 3 
1 .10" 4 g/cm3 . 
1 . 1 0 - « mole/1 
Methanol 
EtOH + N a O H 







Szymanowski (1935) [10] 
Galanin (1950) [11] 
Brewer et al. (1962) [15] 
1 . 1 0 - 3 g/cm3 Glycerol 1 4,73 Szymanowski (1935) [10] 
5 . 1 0 " 5 g/cm3 
1 . 1 0 - 4 mole/1 
2 . 5 . 1 0 " 4 g/cm3 
E t O H + N a O H 
H2O 
EtOH + N a O H 
• - 5,1 
4,73 
5,4 
Maercks (1938) [16] 
Kirchhoff (1940) [17] 
Galanin (1950) [11] 
2 , 5 . 1 0 - 4 g/cm3 EtOH + N a O H 3.4 Galanin (1950) [11] 
— • H 2 O - • 12,0 Sevchenko et al. (1965) [18] 
— EtOH - 3,8 Sevchenko et al. (1965) [18] 
2 . 1 0 - 3 g/cm3 
1 . 1 0 - 5 mole/1 
1 0 - 6 . I O - 4 mole/I 
1 . 1 0 - 5 mole/1 
1 . 1 0 - 5 mole/1 
E tOH 
l n H 2 S 0 4 
l n H 2 S 0 4 
I O - 2 M H N O 3 







Galanin . (1950) [11] 
Birks, Dyson (1963) [19] 
Ware-Baldwin (1964) [20] 
Metcalf (1965) [21] 
Röllig (1966) [22] 
1 0 L. GÁTI AND I. SZALMA 
in Fig. 5 as a function of the logarithm of ymax ( = /c;.-max •/). The dyestuffs, concent-
rations and solvents are indicated in the figure; the curves a represent measured 
values, the straights b values corrected according to Eq. (3,1).1 
Fig. 6 gives measured and corrected values of the decay time of fluorescein 
in a 1% aqueous NaOH solution for various concentrations and several layer 
thicknesses. Curves 1,2 and 3 show values 
g , — o f x' measured with the layer thicknesses 
0 
• í t t m o t e / l Fluorescein inHQH 
0 5 - t f - , — U A < 
0 2 4 0 * . . U 2 0 / 
H H O 2 - " — . — « — « -
AHQ"5-*-RhodomreBirflQH 
o 5 # — E o s i r e i n Q O H 
r 
• 




2 H ( < 2 
1 cm, 0,1 cm and 0,01 cm respectively, 
curve 4 the true decay times calculated 
with Eq. (3,1), and the points marked by 
filled circles values of x calculated accord-
ing to Eq. (3,10) on the base of x' measu-
red with three different layer thicknesses. 
6. Measured values of x', x-values cor-
rected according to Eqs. (3,1) and (3,i0), 
as well as decay times measured by diffe-
rent authors under similar conditions are 
collected in Table I. 
It can be seen from the table that the 
deviations of the values of x for different 
layer thicknesses, corrected according to 
Eq. (3,1), are between the limits of error 
of the measurements. Furthermore, the true 
decay times calculated with Eq. (3,10), 
without taking into account x, are in 
very good accordance with those corrected 
according to Eq. (3,1). It is to be noted that 
a reasonably good accordance between 
our uncorrected results (x').and the decay 
times measured by other authors can 
only be found for relatively great layer 
thicknesses or great concentrations. In case 
of earlier measurements, performed with 
low concentrations or small layer thick-
nesses, a better accordance with our corrected values (i) can be found. 
For dyestuffs in which reabsorption has not been observed (quinine sulphate) 
or is negligibly low (esculin, phtalimides), as well as in case of small quantum 
yield (rose bengale, t] = 0,3) the deviations of the measured values x' are between 
the limits of error of the measurements, even if the layer thicknesses differ by two 
orders of magnitude. 
max 
Fig. 5. Measured and true decay times of 
some dyestuff solutions versus Ig ymnx. Cur-
ves a: measured values, straights b: values 
corrected according to Eq. (3,1). 
1 All the luminescent compounds and the solvents have been carefully purified and the solution 
kept at room temperature under normal atmospherical conditions during the experiments. 
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ration for different layer thicknesses I. Curve 1: 1 = 1 
cm, curve 2: / = 0,1 cm, curve 3: 1 = 0,01 cm; 
curve 4: • values corrected according to Eq. (3,1), 
• values calculated with Eq. (3,10). 
The authors wish to express their sincere thanks to Prof. A. BUDO, director 
of the Institute for Experimental Physics for valuable discussions and to Prof. 
I. KETSKEMETY for highly useful suggestions during the measurements and calcu-
lations. 
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О П Р Е Д Е Л Е Н И Е Д Л И Т Е Л Н О С Т И Ф Л У О Р Е С Ц Е Н Ц И И Р А С Т В О Р О В 
В О Б Л А С Т И Н А Н О С Е К У Н Д Ы С Ф А З О В Ы М Ф Л У О Р О М Е Т Р О М 
Л. Гати и И. Consta 
Написанно новый фазовый флуорометр, который содержит в себе преимущества ранее 
построенных приборов. Э т и м прибором можно измерить время затухания флуоресценции 
в области нсек (от 0,1-до 30 нсек) с абсолютной ошибкой ± 0 , 0 7 нсек. 
После градуировочных измерений экспериментально исследовались влияния вторичной 
люминесценции на время затухания и некоторыми примерами показали его важность. 
Вместо сложного расчёта х, для которого нужно было использовать и другие характери 
люминесценции, задаётся простая формула, с п о м о щ ь ю которой при заданных, экспери-
ментално хорошо выполнимых, условиях можно определить истинное значение время зату-
хания. 
